To investigate the association between exposure to green areas in the surroundings of the residence and the presence of common mental disorders among adults, according to different income strata.
INTRODUCTION
The physical environment of the neighborhood, including aspects such as neighborhood landscape, agglomeration and noise level, school and health establishments, recreational public facilities and public transportation, contributes to the quality of life and the feeling of satisfaction of residents in relation to the neighborhood, house, and community 1, 2 . Life satisfaction is related to mental disorders 3 and the physical characteristics of the neighborhood environment may have the potential to influence mental health by the improvement of the quality of life of its residents. Studies show that the availability of green areas (squares, parks, gardens, woods, and wooded streets) has the potential to promote the sensation of relaxation, well-being, and social cohesion 4, 5 , in addition to promoting the practice of physical activities 6, 7 , which contributes to the promotion of mental health in the population.
Studies have shown a high prevalence of common mental disorders (CMD) in urban areas in the country 8, 9 . These disorders are characterized by the presence of symptoms of anxiety and depression that, although insufficient for the characterization of a psychiatric diagnosis, can cause substantial suffering and impairment in the lives of individuals 10 .
Evidence shows that people with lower socioeconomic status are more dependent on the surrounding area and present worse health conditions in a general way 11 . Measures aimed at promoting the improvement of physical characteristics in urban centers could impact the mental health of the most deprived portion of the Brazilian population, helping to reduce inequality in relation to quality of life.
Most studies on this topic are concentrated in high-income countries, and the association between exposure to green areas and mental health is still inconsistent, with scarce evidence on the subject in low-and middle-income countries, such as Brazil and other countries in Latin America 4, 12 . The mediation of potential beneficial effects by favoring physical activity practices still presents no conclusive results 6, 13 . Rio de Janeiro, the second largest city in the country, has a natural environment that, albeit exuberant, is unevenly distributed throughout the city 14 . Considering this context, this study aimed to investigate the association between the presence of green areas in the surroundings of the residence and the occurrence of CMD among adult residents and between different economic strata.
METHODS

Study Design and Population
This is a transversal study inserted in a longitudinal study, the Pró-Saúde Study (EPS). The EPS aimed to investigate the role of health and morbidity determinants among administrative technical staff of a university located in the city of Rio de Janeiro, Brazil 15 .
For this study, we used data from the third phase of the EPS, performed in 2006. Of the 3,604 participants of this phase, only those who resided in the city of Rio de Janeiro and whose addresses were successfully georeferenced were included in the study, totaling 2,584 individuals.
Individual Variables
Data was collected using a self-completed, multidimensional questionnaire, covering physical and mental morbidity, access to and use of health services, and socioeconomic aspects, among others. We used procedures aimed at quality of information, such as pilot study, test-retest to ensure instrument reliability, and procedures of independent double typing 15 .
The outcome analyzed in this study was the occurrence of common mental disorder, measured by the 12-item version of the General Health Questionnaire (GHQ-12), a screening tool for non-psychotic mental disorders, including anxiety, depression, and somatic symptoms. Each question has four answer options, two considered positive and two considered negative, which, respectively, add 1 or 0 to the GHQ score. The participant is classified as positive for CMD if the score is greater than or equal to 3 16 .
Other individual variables considered in the study were: sex, age in years (25-35, 36-45, 46-55, 56-65, 66-75) , net monthly income (up to BRL 500, BRL 501-1,000, BRL 1,001-1,500, BRL 1,501-2,000, BRL 2,001-2,500, BRL 2,501-3,000, BRL 3,001-4,000, BRL 4,001-5,000, above 5,000), and practice of physical activities (yes or no). This practice was assessed using the question: "In the last two weeks, have you practiced any physical activity to improve your health, physical condition, or with aesthetic or leisure purpose?".
Indicators for Exposure to Green Areas
To obtain the variables for exposure in the surroundings of the residences, the participants' addresses were georeferenced using the geo-referencing function (Google Geocoding API) of Google's application programming interface (API). The API relates the informed addresses with the Google Maps database to obtain latitude and longitude coordinates. The procedure was performed in the R 3.1.1 program.
Green areas, in this work, refer to any vegetation surrounding the residence, such as trees planted in sidewalks, flowerbeds or squares, public or residential gardens, reserves, parks or recreation areas, provided they are covered by some kind of vegetation. The exposure was estimated by the normalized difference vegetation index (NDVI).
The NDVI is estimated using satellite remote sensing images and measures the vegetation density of a region. The vegetation produces a pattern of low reflectance of the red wavelength and high reflectance near the infrared. The index is determined by the difference of the two bands divided by the sum. Each pixel of the image receives a NDVI value that can range between 1 and -1, assuming in practice values between -0.1 and 0.7. Negative values indicate the presence of water, ice, and clouds; values between -0.1 and 0.1 indicate uncovered surfaces; and values around 0.6 indicate dense green vegetation a .
The images were obtained from the Landsat 4-5 TM collection, of the United States Geological Survey -USGS, which has a precision of 30 meters. For 2006 and for the study region, three images showing less than 10% of clouds were available, corresponding to the months of February, August, and December. The NDVI of the study period was estimated by the mean of these three months. The participants' exposure was measured by the maximum and mean NDVI in buffers, circular regions centered in the participants' residences, with radiuses of 100, 200, 300, 400, 500, 1,000, and 1,500 meters. Buffers of different sizes were used to analyze sensitivity, since there is no consensus in the literature about the appropriate size. The mean NDVI is estimated by the sum of the NDVI of each pixel divided by the number of pixels within the buffer. The maximum NDVI refers to the highest NDVI value in a pixel within the buffer.
Data analysis
The participants were stratified into three groups of income (low income: up to BRL 1,500, intermediate income: BRL 1,501-2,500, high income: above BRL 2,501). The associations between the exposure to green areas and the presence of CMD were tested using bivariate and multivariate logistic regression models in these three groups. We also analyzed two multivariate models, one without adjusting by the practice of physical activities and another one adjusted by this variable, to investigate its influence on the model. The correlation and the potential collinearity between the explanatory variables was tested by the Spearman correlation coefficient and the variance inflation factor (VIF). The analyses were performed in the R 3. The research was initially approved in the baseline of the longitudinal study in 1999 by the Research Ethics Committee of the Pedro Ernesto Hospital and subsequently by the Research Ethics Committee of the Institute of Social Medicine of the State University of Rio de Janeiro (CAAE Registration 0041.0.259.000-11). All participants signed an informed consent form. Table 1 shows the presence of CMD according to individual variables in the study population. CMDs were more frequent among women, participants aged 25-35 years and 66-75 years, participants with lower income, and those who practiced no physical activity in the last two weeks.
RESULTS
The mean estimated for the mean NDVI was higher according to the buffer size, but always presenting low values. The lowest value was found in the buffer of 100 meters (0.099) and the highest value was found in the buffer of 1,500 meters (0.154). The mean of the maximum NDVI also increased according to the buffer size; the lowest value was 0.233 in the buffer of 100 meters and the highest value was 0.611 in the buffer of 1,500 meters. Table 2 presents the results of the gross and adjusted analyses of the association between the presence of CMD and the exposure to green areas measured by the maximum NDVI, stratified by income. Model 1 presents the gross analyses, Model 2 presents the analyses adjusted by sex and age, and Model 3 presents the adjustment by the individual variables of model 2 plus the practice of physical activity. This table presents only the results of the buffers that showed a statistically significant association at 5% level. In the lower-income group (up to BRL 1,500), we observed inverse association in the last quartile of the 400-meter buffer in Model 3, which includes the adjustment by physical activity ( Table 2 ) and in the last two quartiles of the 1,500-meter buffer, both in the bivariate model and in the two models with and without adjustment by physical activity (models 1, 2, and 3). The intermediate-income group presented inverse association in the second quartile of the 200-meter buffer in all models (Table 2) , while the higher-income group presented no significant associations. We observed no relevant difference between the models with and without adjustment by physical activity.
DISCUSSION
This study, conducted with administrative technical staff of a university located in the city of Rio de Janeiro, showed inverse association between the presence of common mental disorders and the exposure to green areas. It was observed that the associations were significant in the lower-income groups and were not significant in the higherincome group.
The results of this study are consistent with other findings presented in the literature. A recent systematic review showed that the scarcity of green areas in the surroundings of the residence is associated with depressive humor 17 and another review, prior to that, reports evidence of association between the amount of green areas in the surroundings of the residences and better state of mental health 12 . Triguero-Mas et al. 13 , in a study covering the entire region of Catalonia (Spain), found association between the green area surrounding the home, measured by NDVI, and several indicators of mental health, including the presence of CMD. A study in Chicago (USA) found inverse association between NDVI and stress perception, but showed that the extension of the parks had greater association with mental health than the total green area in the neighborhood 18 . Beyer et al. 19 , in a study in Wisconsin (USA), found inverse association between NDVI and symptoms of depression and anxiety.
The associations found in this study varied according to the measure of exposure (mean or maximum NDVI) and the size of the buffers. The maximum NDVI better captured the exposure to green areas among the participants, since the mean NDVI tends to present lower values in urban regions, due to the coexistence of vegetation with uncovered surfaces. In some analyses, associations were observed with maximum NDVI values from 0.218, which reflects the presence of sparse to moderate vegetation in the environment, and in other analyses the associations were observed with higher maximum NDVI values, around 0.609, which corresponds to dense vegetation. As for the buffers, there is no consensus in the literature as to the radius used to obtain the measures of exposure to green areas. In this study, we identified significant associations in buffers of 200, 400, and 1,500 meters, while other studies used buffers with radiuses of 300 and 900 meters and the census sector.
In this study, the associations between green areas and CMD were significant in the lowand intermediate-income groups, while the higher-income group presented no association. This result is possibly a consequence of the difference between these strata. While the low-income population shows greater dependence on the conditions of the neighborhood, as a consequence of the lack of opportunities 11 , the highest-income population has more leisure opportunities and a neighborhood in better general conditions, including exposure to green areas b . This finding reinforces the role of income as an effect modifier in the association between green areas and mental disorders. A recent study conducted in England, which also used NDVI as an exposure measure, showed that the effect of green areas on depression was even greater among individuals who resided in residential areas with low socioeconomic status 20 .
The mechanisms by which the green areas act on mental health can be direct and indirect means. The direct means is based on two theories postulated in the field of environmental psychology: the theory of restoration of attention and the theory of psychophysiological reduction of stress 21 . The theory of restoration of attention postulates that the natural environment has the capacity to remedy mental fatigue, stimulating the so-called involuntary attention. Involuntary attention is evoked by interesting or stimulating things in the environment, it is spontaneous and requires no effort. According to this theory, nature is an environment that has a quality called fascination, which at the same time manages to activate involuntary attention and is able to restore direct attention 22 . The theory of psychophysiological reduction of stress emphasizes the emotional affective response that non-threatening natural environments can evoke in human beings, decreasing their surveillance state and consequently stress 23 .
The indirect means postulates that the quality of the physical environment surrounding the residence influences the lifestyle and well-being of the individual 4, 24 . Green areas reduce air and noise pollution, the effects of heat islands, make the environment more enjoyable, and encourage a more active and healthy lifestyle, as well as stimulate social contact, which leads to a greater sense of security in the neighborhood 4, 24, 25 .
In this study, the benefits of urban green areas can occur by the two mechanisms. However, the effect of the practice of physical activities, when adjusted in the analysis, was not very evident. In case part of the effect were due to the practice of physical activities, a reduction of the effect would be expected, that is, that the odds ratio (OR) would approximate the null value. In some cases there was loss of effect, which reinforces the evidence of the mediator role of physical activity; in another case, there was a reduction in the OR value, suggesting an intensification of the protective effect. In any case, the change in these values is very small, in the order of the second decimal place. This result is consistent with those of two previous studies. Triguero-Mas et al. 13 interaction were probably not the mediators of this association. Richardson et al. 6 , in New Zealand, concluded that greener neighborhoods were associated with mental health and that, although physical activity was more prevalent in these environments, it did not fully explain this relation.
The mechanisms can also vary according to the type of green space. The total vegetation in the housing environment has a direct impact on the reduction of stress, while parks can also mitigate stress by means of social contact 18 . It is important to emphasize that the life habits of individuals are related to the perception of security in the environment. Policies to promote physical activity should consider this aspect 26 , as well as accessibility to leisure areas.
A study conducted in Rio de Janeiro showed that violence is a concern related to the use of green areas 27 . Accordingly, it is possible that the indirect mechanism of protection of green areas by their use in the practice of physical activities may still be underutilized in the city.
Vegetation indexes based on remote sensing images have the advantage of covering virtually all regions of the globe. Because they are estimated using uniform methodologies, they facilitate the comparison between different studies, periods, and regions. However, the NDVI is unable to capture information about aspects that influence the use of green areas, such as accessibility, aesthetic quality, security, etc.
Among the limitations of this study, cross-sectional analyses do not estimate the duration of the exposure factor, which in this case refers to the time each individual was exposed to green areas. In the hypothesis that the individual has recently moved to a greener area, it is possible that the beneficial effect on mental health has not yet occurred, as well as the reduction of this effect in case they have recently moved to a region with less vegetation in the surroundings.
It is worth noting that most study participants are people with formal employment, whose time of exposure to green areas around the residence is limited to times before and after work on weekdays and weekends and holidays. The association of the exposure to green areas around the residence is possibly greater in a population that spends more time at home, such as retired people, unemployed people, or people who work at home. Moreover, because we used CMD and not other disorders, such as depression, the associations may have been underestimated, since CMDs do not constitute a diagnosis, being characterized by milder symptoms of anxiety and depression.
Despite the limitations, we observed inverse association between the exposure to green areas in the surroundings of the residence and the presence of common mental disorders. We observed that low-income people benefit more than high-income people and that the association found is not dependent on physical activity. The study advances in the investigation of the role of contextual factors in the distribution of health determinants of the Brazilian population, for which researches of this nature are scarce. Therefore, our findings may help to better understand the impact that urban planning, with preservation or inclusion of green areas, can have on the psychological well-being of people, contributing so this planning seeks greater integration between the different professionals involved in it and in the analysis of health care.
